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Objective Despite the increased experience in pancreatic cancer surgery, morbidity and mortality rates remain very high. Many factors play
a role in the development of postoperative complications and in studies it has been shown that sarcopenia, which is defined as progressive
muscle mass loss is also an important factor. Despite the proven effect of sarcopenia on postoperative complications and oncological
outcomes in many types of gastrointestinal cancer, there are very few studies on pancreatic cancer. Therefore, in this study, we aimed
to investigate the effect of sarcopenia on the development of serious postoperative complications in patients who underwent curative
pancreatectomy for pancreatic cancer.
Methods Total psoas index (TPI) was calculated for sarcopenia diagnosis by measures of psoas muscle area on the level of L3 spine
from preoperative staging computed tomograhpy (CT) images in pancreatic cancer patients undergoing curative resection. Patient
demographics and postoperative outcomes were analyzed in sarcopenic and non-sarcopenic group.
Results: It has been found to be statistically significant relation between severe postoperative complication and sarcopenia (p=0,001>).
Sarcopenia was more associated with cardiac and pulmonary complications among others (p=0.007, 0.003 respectively). In multivariate
analysis, age [odds ratio (OR): 1,08. 95% confidence interval (CI): 1,01~1,15, p=0,013], ASA score (OR: 2,84. 95% CI 1,62 ~ 4,97. p=0,043) and
TPI (OR: 3,61. 95% CI: 1,58 ~ 5,74. p=0,001>) has been found independent risk factors for severe postoperative complications.
Conclusion Our results suggest that sarcopenia determined by using TPI, which can be easily obtained by examining the preoperative CT
imaging, is an independent risk factor of severe postoperative complications. Determining the degree of sarcopenia can affect patient
selection, predictability of possible serious complications, elective operation preparation process with a combination of nutrition and
exercise therapy in a particular patient group, and decisions regarding adjuvant or neoadjuvant therapy.
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Introduction
Although pancreatic adenocarcinoma constitutes a low percentage of gastrointestinal malignancies, it is still a type of cancer with a high mortality and 5-year survival rates that cannot
exceed 1%, since it is usually diagnosed at an advanced stage
and few of the diagnosed patients have a chance of curative
surgery.1,2 Despite numerous successes in medical treatments
in the historical process, surgical resection is the basic step of
pancreatic cancer treatment.3 Although surgical treatment can
cure patients, despite the increased experience, the postoperative serious complication and morbidity rates are quite high.4
Recognizing the postoperative complications and ensuring that
patients are delivered to adjuvant treatment as soon as possible
by applying the necessary treatments are perhaps as important
as the success of surgical resection.5,6 Moreover, these complications should not only be recognized and treated appropriately, but also various methods should be developed to predict
the complications. Thus, the surgeon will be able to better identify the patient at high risk for postoperative complications.7,8
In recent studies, it has been found that sarcopenia – considered as a syndrome characterized by progressive loss of
skeletal muscle mass – is one of many factors that increase the
risk of serious postoperative complications especially in elderly
patients.9–12 In addition to anthropometric measurements, the
diagnosis of sarcopenia can be made by measurement of the
cross-sectional images of psoas muscle in abdominal computed tomography (CT).13
In addition to the effect of sarcopenia on postoperative results, it has been shown in many studies that it affects
oncologic outcomes in other gastrointestinal cancers such as
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colorectal cancer and gastric cancer.14–16 However, there are
limited studies on the relationship between postoperative
outcomes and sarcopenia in patients with pancreatic cancer.
Therefore, in this study, we aimed to investigate the effect of
sarcopenia on severe postoperative complications in patients
undergoing curative resection for pancreatic adenocancer.

Material and Methods
Patient Selection and Data Collection
Between January 2014 and January 2020, 120 patients who
underwent curative resection for pancreatic cancer at Ankara
University Surgical Oncology Clinic were evaluated retrospectively. Demographic data, laboratory results, preoperative CT
images, surgical and pathology reports, medical follow-up
records were obtained through the hospital database. Patients
with distant metastasis, who were evaluated as intraoperative
unresectable, who underwent palliative operations, whose
data could not be accessed and whose CT scans could not be
measured appropriately or CT images were not found excluded
from the study. Pancreaticoduodenectomy (PD), distal pancreatectomy (DP) or total pancreatectomy (TP) were performed when appropriate and the patients were divided into
two groups as PD and non-PD. Pathological stages of patients
were determined according to Japan Pancreas Society (2009)
General rules for the study of pancreatic cancer, 6th edn.17
Postoperative complications were categorized and graded
acoording to the Modified Clavien Dindo Classification.18
Pancreatic fistulas were categorized using the International
Pancreatic Fistula Study definitions.19.
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Computed Tomography Scanning Measurements
Preoperative contrast-enhanced CT scans were analyzed to
create a sarcopenia profile for each patient. The mean values of
all measurements were taken as a basis. Cross-sectional area
of both psoas muscles were obtained by manually drawing the
outer edges of the psoas muscles on the lumbar (L) 3 vertebra
image where both spinous proceses were observed.

Sarcopenia Quantification
Patients in the lowest 25% of the values obtained as a result of
the total posoas index (TPI) determined specifically for gender were evaluated sarcopenically. Measurement of the psoas
muscle area at the L3 lumbar vertebra level and the calculation
of the patient’s height and TPI have been described in other
studies.9 If formulated, TPI is calculated by dividing the right
and left psoas muscle by the total area of the individual in
square meters of height [(right psoas muscle area + left psoas
muscle area) / height (m2)].

Statistical Analysis
Numerical data are given as mean ± standard deviation.
Student’s t-test, Mann–Withney U test, Chi-square test or
Fisher Exact test were used when appropriate for numerical
and categorical variables. Binary logistic regression analysis
was applied for possible factors affecting postoperative complications. p-Values below 0,05 were considered statistically

significant. IBM Statistics version 23.0 was used for statistical
analysis.

Results
There were 120 patients who met the study and analysis criteria. The relationship between clinicopathological variables
and sarcopenia have been summarized in Table 1. The mean
age of the patients was 58,03 ± 7,61, of which 76 (63,3%) were
male. Patients in the lowest 25% of the values obtained as
a result of the TPI determined specifically for gender were
evaluated sarcopically. With this method, 30 (25%) patients
were considered sarcopenic. The lower quarter for men was
4,23 ± 1,52 cm2/m2, while for women it was 2,73 ± 1,08 cm2/
m2. Thirty-four (28,3%) patients were obese and 3 (8,4%)
of them were evaluated as sarcopenic obese. PD was performed in 97 (80,8) patients, while the remaining 23 (19,2%)
patients underwent DP or TP. Seven (5,8%) patients were
operated after neoadjuvant therapy. Stage 2 and 3 patients
made up 90,9% of the study population. 72 (60%) patients
were reported as negative node. No significant difference was
found between sarcopenic and non-sarcopenic groups in
terms of age, gender, operation, ASA score, TNM stage, and
lymph node status.
The relationship between postoperative results and sarcopenia has been summarized in Table 2. The average operation time was 212,16 ± 35,25 min. 45 (37,5%) patients had

Table 1. The relationship between clinicopathological variables and sarcopenia
Variables

Total

Sarcopenic (n=30)

Non-sarcopenic (n=90)

p-value

Age

58,03±7,61

59,03±6,74

57,7±7,88

0,408

Gender (Male)

76(63,3)

19(63,3)

57(63,3)

0,590

ASA score

0,670

1

12(10)

1(3,3)

11(12,2)

2

49(40,8)

9(30)

40(44,4)

3

59(49,2)

20(66,7)

39(43,4)

BMI (kg/m2)

27,49±4,41

25,43±4,77

28,17±4,08

0,003

Weight loss %

6,27±8,60

8,65±9,57

5,48±8,16

0,102

Operation

0,034

PD

97(80,8)

28(93,3)

69(76,7)

Non-PD

23(19,2)

2(6,7)

21(23,3)

TNM stage

0.754

1

11(9,1)

2(6,7)

9(10)

2

59(49,2)

14(46,7)

45(50)

3

50(41,7)

14(46,7)

36(40)

Lymph node status

0,258

N0

72(60)

16(53,3)

56(62,2)

N1

48(40)

14(46,7)

34(37,8)

Neoadjuvant treatment

7(5,8)

3(10)

4(4,4)

0,239

TPI (cm /m )

4,68±1,61

3,06±0,87

5,22±1,43

0,001>

2

2

Numerical data were given as mean ± standard deviation. ASA: American Society of Anesthesiology score, BMI: Body Mass Index, PD: Pancreaticoduodenectomy,
TNM: Tumor-Node-Metastasis, TPI: Total Psoas Index.
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Table 2. The relationship between postoperative outcomes and sarcopenia.
Variables

Total

Sarcopenic (n=30)

Non-sarcopenic (n=90)

p-value

Operation time (min.)

212,16±35,25

220±31,48

209±36,20

0,161

Blood loss

0,045

>1000ml

12(10)

6(20)

6(6,7)

1000ml>

108(90)

24(80)

84(93,3)

Clavien Dindo 3 and above
complications

45(37,5)

20(66,7)

25(27,8)

0,001>*

Pancreatic fistula
Grade A

0,552

Grade B

9(7,5)

5(16,7)

4(4,4)

Grade C

12(10)

4(13,3)

8(8,9)

0(0)

0(0)

0(0)

Cardiac Complications

20(16,7)

10(33,8)

10(11,1)

0,007*

Pulmonary Complications

56(46,7)

21(70)

35(38,9)

0,003*

Infective Complications

29(24,2)

4(13,3)

25(27,8)

0,084

Wound Complications

26(21,7)

4(13,3)

22(24,4)

0,153

Delayed Gastric Emptying

22(18,3)

5(16,7)

17(18,9)

0,512

Hospital Stay (day)

11,42±7,02

14,23±7,41

10,48±6,67

0,003*

Intensive Care Stay (day)

3,38±4,40

4,23±3,71

3,09±4,59

0,219

30 day/in-hospital
mortality

8(6,7)

2(6,7)

6(6,7)

0,681

Reoperation

8(6,7)

1(3,3)

7(7,8)

0,359

Numerical data were given as mean ± standard deviation.

Clavien-Dindo grade 3 and above complications. Cardiac
complications developed in 20 (16,7%) patients, pulmonary
in 56 (46,7%) patients, infective in 29 (24,2%) patients, and
wound-related complications in 26 (21,7%) patients. Delayed
gastric emptying occurred in 22 (18,3%) patients and nasogastric decompression was performed. Based on the clinical condition of the patients and the postoperative drain and blood
amylase levels, Grade A pancreatic fistula was observed in 9
(7,5%) patients, Grade B fistula in 12 (10%) patients but Grade
C fistula was not observed. The average length of hospital stay
was 11,42 ± 7,02 days, and the patients needed an average of
3,38 ± 4,40 days of intensive care. There was a significant difference between the two groups in terms of length of hospital
stay, more in the sarcopenic group (p = 0,003). There were 8
(6,7%) patients who developed mortality within 1 month after
the operation or during hospitalization. The incidence of cardiac and pulmonary complications was significantly different
between the groups (p = 0,007, p = 0,003). When all complications were evaluated, a strong relationship was found between
Clavien-Dindo Grade 3 and above complications and sarcopenia (p = 0,001>).
Univariate and multivariate analysis of risk factors effective
on postoperative serious complications have been summerized
in Table 3. When all variables that may affect postoperative
serious complications are analyzed, age (OR: 1,08. 95% CI: 1,01
~ 1,15. p = 0,013), ASA score (OR: 2,84. 95% CI 1,62 ~ 4,97. p =
J Contemp Med Sci | Vol. 6, No. 2, March–April 2020: 73–77

Table 3. Univariate and multivariate analysis of risk factors
effective on postoperative serious complications.
Univariate analysis
Variable

Multivariate analysis

OR (95% CI)

p-value

Adjusted OR
(95% CI)

p-value

Age

3.37(0,07~0,28)

0,001

1,08(1,01~1,15)

0,013*

ASA score

4,37(1.96~9.72)

0,001>

2,84(1,62~4,97)

0,043*

TPI

4,81( 2,42~8,70)

0,001>

3,61(1,58~5,74)

0,001>

* OR: Odds-Ratio, CI: Confidence Interval, ASA: American Society of
Anesthesiologist,TPI: Total Psoas Index.

0,043) and TPI (OR: 3,61. 95% CI: 1,58 ~ 5,74. p = 0,001>) have
been identified as independent risk factors.

Discussion
Many factors affect postoperative results in pancreatic cancer, which has a very low survival rate even after curative
resection. Serious morbidities may occur after postoperative complications and disease prognosis is affected. While
improved surgical technique, increased surgical experience,
better anesthesia and intensive care process and improvements in parenteral nutrition make PD a safer procedure,
surgery still carries a high risk of postoperative morbidity
and mortality.20,21 In addition to knowing the treatment and
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management of postoperative complications, it is necessary
to predict these complications. This is important in determining the necessary clinical treatment options and appropriate timing in the application of adjuvant therapy.5,6 In
addition, this prediction may improve patient selection prior
to surgical resection.7,8
In recent years, sarcopenia has been defined as a syndrome
characterized by progressive loss of skeletal muscle mass and
can cause consequences such as physical disability, low quality
of life, and even death.10–12 It also reflects the patient’s nutritional status and condition. Like many other factors, sarcopenia has been proven by several randomized studies that affect
postoperative results. Some studies have shown that sarcopenia is a negative prognostic factor for esophageal, gastric,22 and
colorectal cancer.23
Several methods for the diagnosis of sarcopenia have
been described in the literature. The diagnostic accuracy and
sensitivity of the methods based on measurement of muscle
mass with radiological imaging compared to anthropometric methods were found to be higher. Based on the fat density values, Hounsfield unit average calculation is one of the
methods used in the diagnosis of sarcopenia. TPI is a special
measurement based on the ratio of psoas muscle area to the
patient’s height and reflects the patient’s sarcopenia status.
According to the international cancer cachexia consensus,
TPI value was defined as <55 cm2/m2 for men and <39 cm2/
m2 for women as sarcopenia.24 In our study, patients in the
lowest 25% of the TPI value that was evaluated specifically
for gender were evaluated as sarcopenic. According to the
results obtained in our study, it is seen that TPI value has a
significant relationship with postoperative results in pancreatic cancer patients.
TPI values can be easily determined by the patient’s preoperative staging CT images and are not a time-consuming
procedure. Considering that CT is applied to each patient for
preoperative staging, there is no additional radiation exposure
and no cost burden. There are also data supporting the use of
magnetic resonance imaging (MRI) in staging and operative
planning in pancreatic cancer patients.25 MRI has previously
been used to measure sarcopenia, and can therefore be used
preoperatively to perform this function, but CT is considered
to be more appropriate for use due to additional cost and possible contraindications of MRI, and therefore we used CT data
in our study.
While the focus of our study was the correlation between
sarcopenia and surgical outcomes, its relationship with survival has been previously studied. As a result of the analysis of
the data, sarcopenia was found as an independent predictor
in severe postoperative complications. The most important
reason for this may be postoperative limited mobilization due
to low muscle strength and the inability to tolerate the negative catabolic state after surgery due to the current cachexia.
Also in our study, cardiac and pulmonary complications were
more common in the sarcopenic group. The most common
extra-abdominal complications in pancreatic surgery are of
lung origin and the detection and treatment of sarcopenia
in elderly patients with underlying chronic lung disease can
contribute to reducing the risk of mortality. In our study, the
length of hospital stay was found to be significantly longer
in the sarcopenic group. Effective preoperative treatment of
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sarcopenia is also important in terms of preventing secondary
complications originating from hospital and reducing treatment costs.
In the light of these data, the potential of reducing
the patient’s degree of sarcopenia by interfering with medical and nutritional support can direct the selection of the
right patient for the operation and clinical decision-making,
especially in the elderly population. Patients who are in the
high-risk group in terms of complications may be directed
to neoadjuvant chemotherapy during this period by applying concurrent treatments such as nutrition and exercise
treatments to reduce the degree of sarcopenia before surgical
resection. This approach can lead patients to a better outcome that can ultimately alter patients’ prognosis by reducing the postoperative complication rates as well as potential
benefits of neodjuvant therapy such as increased surgical
curability by reducing tumor size and predicting adjuvant
therapy response.
The most important limitation of our study is being a retrospective study performed from a single center and a study
with a limited number of samples. It is also possible that
performing the operations by different surgeons and possible selection bias would have affected postoperative results.
In addition, there is no universally accepted definition of
CT-based assessment for sarcopenia in the literature due to
differences in physical condition among people. Despite all
these limitations, we believe our results are valuable to help
understanding the effect of sarcopenia on postoperative outcomes in patients with pancreatic cancer.
As a result, sarcopenia is an important indicator in
predicting serious complications after resection in pancreatic cancer. TPI is a patient-specific value that can be easily
obtained from preoperative imaging, and given its ease of
measurement and its relationship to postoperative complications, it can be widely used to help predict patient morbidity, potentially alter the clinical course of patients by
identifying sarcopenic patients, and reduce postoperative
complication rates. Determining the degree of sarcopenia
can affect patient selection, predictability of possible serious
complications, elective operation preparation process with a
combination of nutrition and exercise therapy in a particular
patient group and decisions regarding adjuvant or neoadjuvant therapy.
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